blended into the system, the electrostatic interaction of negatively charged YAG:Ce 3þ and positively charged red phosphor particles caused remarkable clustering and heterogeneity in particle dispersion. Consequently, the light is dominantly blue and shifted to cold white. In other case, phosphor particles were sprayed onto the diffused polycarbonate substrate in stacked layers. Coatings with >80% inorganic content by mass with a thickness of 60 mm were subjected to thermal crosslinking, which the presence of the phosphor particles obstructed, presumably due to the hindrance of large phosphor particles in the diffusion of PDMS precursors. The coating of YAG:Ce 3þ first followed by red phosphor in stacked layers produced better light output and color properties than the coating obtained by spraying the mixture at once. Monte Carlo simulation validated the hypothesis.
Introduction
Since lighting is responsible for nearly 20% of electricity consumption worldwide [1] , the invention of light-emitting diodes (LED) has been deemed a breakthrough in minimizing global energy consumption [2] . LED lighting has also prompted the production of a wide range of lighting applications, including in white light, as a promising alternative to incandescent and fluorescent lamps [3, 4] . In that context, the combination of red, green, and blue LEDs has emerged as a straightforward solution for fabricating white light. However, given the different requirements of individual LEDsdfor instance, their independent driving currents and the degradation-related characteristics of materials employeddmixing different colors in coherence necessarily involves a complex system of integration [2, 3] .
As an alternative, blue light can be down converted with yellow phosphor [2, 3, 5, 6] . Polymer-based composite films containing yellow garnet particles provide flexible composite films for direct or remote applications with blue LEDs. A part of the incident light passes through the film with virtually no attenuation or backscattering, while some of the primary light is absorbed and converted by the phosphors to secondary light. The combination of incident light and secondary light passing through the film forms white light. To that end, various polymerephosphor ) [11] , GYAG [12] , YAG:(Ce þ3 , Gd 3þ ) [13] , YAG:(Ce þ3 ) [8,14e16] ) [18] particles dispersed in poly(-methyl methacrylate), Na 2 SO 4 [19] and BaAl x O y : (Eu 2þ , Dy 3þ ) [20] in low-density polyethylene, YAG:Ce þ3 in polydimethylsiloxane (PDMS) [21, 22] , and YBO 3 :(Eu 2þ ) [23] and YGG: (Tb 3þ ) [24] in a polyvinylpyrrolidone matrix. In any case, the goal is a stable white light with a high color rendering index (CRI) and high luminous efficacy as well as a light color that is stable and almost independent of the charged current. However, that attractive optical feature is governed entirely by the quality of the material components and the internal microstructure of the composite coating [25, 26] .
Widely used for white-LED applications due to its high conversion efficiency, better energy-saving aspects than incandescent and fluorescent lighting, and low cost, cerium-doped yttrium aluminum garnet (YAG:Ce 3þ ) has been used as yellow phosphor [27]. However, YAG:Ce 3þ possess serious shortcomings, including thermal quenching [28] , a low CRI due to red emission deficiency [29] . Whereas remote phosphor setup has been used to prevent thermal quenching [30] , additional red phosphordthat is, europium-doped strontium silicon nitride (Sr 2 Si 5 N 8 :Eu 2þ )dhas been used to improve overall CRI and the resulting color properties. By comparison, PDMSda transparent binder and polymeric carrier employed in sprayingdhas a rotationally flexible SieO bond that allows an unusually high degree of chain flexibility [31] , as well as greater bonding energy (452 kJ/mol) than common vinyl polymers with CeC bonds (347 kJ/mol) [32] . Considering the sustained exposure of light-converting film to highly energetic blue light, PDMS also offers greater UV resistance than other vinyl polymers. PDMS is an inexpensive hydrophobic polymer that can be coated as thin films on solid surfaces. Ability to wet nearly any substrate surface, appropriate viscoelastic behavior, and crosslinkable nature make PDMS suitable coating material for various processes. In the structural development of coating, the interaction of material componentsdfor instance, the interaction of phosphor particles with polymer precursors and other ingredientsdand the spatial arrangement of phosphor particles are critical parameters. In this study, the interaction of YAG:Ce 3þ and PDMS precursors and red phosphor were examined in detail. YAG:Ce 3þ and red phosphor particles were sprayed either as a random mixture in a single layer or consecutively as two distinct stacked layers from the PDMS and hexane solution, which achieved the multilayer buildup of coating.
Crosslinking was monitored by vibrational spectroscopy, both in the absence and presence of phosphor particles, and the morphology of the coatings was examined by both optical and scanning electron microscopy techniques. The surface charge of the particles was studied in terms of the zeta potential of dynamic light scattering, whereas the optical performance of coatings prepared by the two strategies was compared in terms of correlated color temperature (CCT), CRI, and efficacy.
Experimental

Materials and methods
Phosphor powders YAG:Ce 3þ and Sr 2 Si 5 N 8 :Eu 2þ (HB-4155H and HB-640, Zhuhai Hanbo Trading Co., Ltd., Guangdong, China) were used as received. PDMS (SYLGARD 184 Kit, Dow Corning, Midland, MI, USA) was used as a polymer matrix for film formation. Due to high viscosity of PDMS, hexane (>95%, SigmaeAldrich, St. Louis, MO, USA) was used to thin the PDMS powder solutions. The diffraction pattern of the phosphor powders was recorded with an X-ray diffractometer (X'Pert Pro, Philips, Eindhoven, the Netherlands), and the photoluminescence (PL) spectrum was recorded on a fluorescence spectrophotometer (Cary Eclipse, Agilent, Palo Alto, CA, USA). Fourier transform infrared spectroscopy (FTIR; Spectrum 100, PerkinElmer, Shelton, CT, USA) was used to characterize and track changes in the kinetic behavior of bonds, and scanning electron microscopy (SEM; Quanta 250, FEI, Hillsboro, OR, USA) was used to determine particle morphology. The dispersion of powders in PDMS was observed with an optical microscope (BX 53, Olympus, Tokyo, Japan), while spectra of the resulting emissions were recorded by spectrometer (USB2000þ, Ocean Optics Inc., Dunedin, FL, USA). Color coordinates and flux were obtained by an integrating sphere (ISP-50-80-R, Ocean Optics Inc.) connected with the USB2000 þ spectrometer via premium fiber cable.
Preparing the phosphor composite film
Spraying is a coating technique used to make homogeneous films on a given substrate. By atomizing a solution or dispersion using high air pressure, the process is uniquely suited for dispersions consisting of heavy, large guest particles in host polymer solutions. In this study, phosphor particles with a density of approximately 4.6 g cm À3 were sprayed in the form of PDMSephosphor dispersion thinned by hexane to polycarbonate (PC) diffuser substrates (Scheme 1). Following the standard process, powder was added into a test tube, and the composition of YAG:Ce 3þ and red phosphor was fixed to 5:1 by mass ratio. PDMS precursors, i.e. a vinyl-ended PDMS oligomers and the curing agent were dropped in a 10:1 mixing ratio with respect to mass into a test tube. Next, hexane was added to reduce viscosity, the dispersion was mixed in a magnetic stirrer and poured into the hopper of a spray gun (400 W, 1e2 bar pressure), and spray coating was performed onto a set of PC substrate 7e10 s. The resulting composite coatings were approximately 60 mm thick; one side of the substrate was smooth and reflective, whereas another surfacedthe diffuser sidedwas rough. Phosphor was sprayed onto the diffuser side because rough surfaces can hold the phosphor coating. The samples were left in open air overnight so that the hexane could fully evaporate, after which they were cured at 100 C for 2 h in an oven.
Optical measurement
With a diode emitting a monochromatic blue light at 478 nm, two types of measurement techniques were applied: direct and remote measurements. In the former, the PDMSephosphor coating on the PC substrate was placed directly onto the blue LED chip so that the composite coating were placed directly over the chip. In the latter, a fixed distance (3 cm) was maintained between the film and LED surface in a black chamber (Scheme 2). Altogether, the system was run with a 0.35 mA input current.
The quality of color is crucial in determining color rendition. One measure of color rendition is the ability of a light source to produce the colors of various objects, which can be quantified by CRI. The best possible rendition shows a CRI of 100, whereas the poorest shows a CRI of 0. Typically, a CRI >80 is preferred in various applications. Another parameter that describes the quality of light is CCT, or the measure of the blackbody temperature needed to radiate a hue comparable to that of the related light source. In general, CCT >5000 K is called bluish white (cool) and 2500 < CCT < 5000 K yellowish white. Since white light is perceived by the human eye with particular precision, luminous efficacy (LEF) is used to define whether the efficiency of an overall spectrum falls within the region matching eye sensitivity [33] . LEF is
in which v(l) is the luminosity function representing human perception normalized to unity at a wavelength of 555 nm due to eye sensitivity and ∅(l) is the spectral power distribution per wavelength. Given the definition of v(l), the inner product between the luminosity function and spectral power distribution should be 380e780 nm with 5-nm intervals.
Results and discussion
YAG:Ce
3þ and red phosphor particles powder had a rather polydispersed shape that changed from polyhedral to rod-like crystals. This difference was also verified by particle size distributions obtained by the statistical treatment of particles using ImageJ in Fig. 1c and 1d [34] . Although both powders demonstrated a close mean diameter of nearly 10 mm, shows the X-ray diffraction pattern of both yellow and red phosphor powders. Reflections were indexed with the crystallographic data of host materials YAG and Sr 2 Si 5 N 8 with Joint Committee on Powder Diffraction Standards (card nos. 01-082-0575 and 01-085-0101, respectively). Fig. 1f illustrates the PL spectrum of the phosphors at room temperature. YAG:Ce 3þ showed two absorption bands centered at 340 nm and 460 nm. Those bands can be related to 4f / 5d absorption transitions where 5d states are splitted due to the crystal field effect of the doped Ce 3þ ions. The broad emission band of YAG:Ce 3þ centered at 550 nm is the backward emissive transition from the lowest 5d states to 4f states collected at the 478 nm wavelength. By contrast, red phosphor has a single broad excitation band at 440 nm collected at the 620 nm wavelength, and a narrower emission band at 620 nm collected at the 478 nm wavelength.
Structural development of the composite coatings
Many wet processing approachesdfor example, casting, spin coating, and those with doctor bladesdwere used to obtain PDMS composite homogeneous in terms of both particle dispersion and film thickness. To obtain homogeneous, well-dispersed phosphor particles, the primary requirement of the approaches is to form stable colloid dispersion. The sedimentation of the phosphor colloids is inevitable, since the density of the particles is far greater than that of the polymer and solvent. This density mismatch renders solution-based processing nearly impossible, as well as deteriorates the homogeneity of the coating. Although stabilizing the particles using various surfactants, including cetyltrimethyl ammonium bromide, sodium dodecyl sulfate, and Triton X-100, was studied, none of the surfactants could stabilize the large particles in the polymer solution. Spray coating appears to be the most convenient approach for forming composite coating with large, heavy particles along with a minor amount of polymeric carrier. Moreover, unlike with other wet processing methods, the high particle content can be loaded into the polymeric system. Two different spraying strategies were employed. In the first, the PDMS/YAG:Ce 3þ dispersion was sprayed as the first layer, upon which PDMS/red phosphor was sprayed as the second (Scheme 1).
In the second strategy, YAG:Ce 3þ and red phosphor were mixed with PDMS solution and sprayed on PC substrate at once. In both spraying strategies, pristine PDMS (i.e., without particles) was initially sprayed onto the PC substrate as the so-called zeroth layer.
Since particles are much heavier than the surrounding PDMS matrix, they have a strong tendency toward sedimentation through the substrate in the long run, even though the matrix is crosslinked. Such engulfment may cause a segregation of the phosphor particles at the interface of the PC substrate and PDMS matrix. The homogeneous dispersion of the particles in coating eventually worsens particle dispersion and precludes optical stability [35e37].
Crosslinking PDMS occurs via the hydrosilylation of a difunctional vinyl-ended oligomers and four functional groups of the crosslinker methylhydrosiloxane. A Pt catalyst under ambient atmospheric conditions catalyzes the crosslinking reaction, thereby achieving a network throughout the coating volume. During crosslinking, SieCH]CH 2 bonds of the oligomer interact with SieH bonds of the curing agent. As a result, SieCH 2 eCH 2 eSi chains form intricately until the curing agent is consumed. At the same time, the disappearance of the vibrational signal of SieH at 2163 cm À1 hints at the progress of crosslinking, the reactions of which were monitored for 2 h. Fig. 2a presents attenuated total reflection mode of the corresponding FTIR spectra of the crosslinking process registered at 4000e400 cm
À1
. With time, the intensity of this vibrational signal with respect to time disappears, thereby indicating the progress of the crosslinking reaction. The same process was performed in the presence of 10% and 40% phosphors by mass. Fig. 2b and c shows the first and second derivative of the intensity of the signal in the presence of 10% and 40% particles, respectively; the first refers to the absorbance signal's rate of change (i.e., speed), whereas the second presents the acceleration of the process. PDMS alone has the highest initial change rate, which is followed by an exponential decrease with respect to time. However, in the presence of phosphor, the initial change rate becomes remarkably reduced. The reduction becomes more remarkable as the phosphor content increases. For instance, at 30 min, the initial rate of the neat PDMS was 85%, yet 79% and 52% for the 10% and 40% particle content, respectively. Similarly, the acceleration of the process reduced by the initial SieH content; whereas it was 85% for PDMS alone and decreased to 58% for PDMS coating with 10% phosphor particles, there was nearly no acceleration for the PDMSephosphor 40% sample. Clearly, crosslinking is remarkably hindered in the presence of garnet particles, yet nevertheless had been completed in 2 h. The reason for such results could be the hindrance of the diffusion of precursors in the presence of large phosphor particles. Alternatively, such hindrance could stem from the interaction of the particle surfaces with precursors of PDMS in the in situ crosslinking process. For confirmation, the particles were treated with the difunctional vinyl-ended oligomer methylhydrosiloxane and crosslinking counterparts, albeit separately. The diffuse reflectance infrared Fourier transform of the particles was registered after isolating the garnet particles via sedimentation and rigorous washing. The spectra of the particles showed strong SieCH 3 signals that stretched at approximately 2900 cm
. The presence of the signals in both spectra could suggest a remarkable interaction between particle surface and both PDMS and the curing agent ( Figure S2 ). Fig. 3a shows the optical microscope image of composite coating prepared by spraying YAG:Ce 3þ and red phosphor consecutively on a neat PDMS layer. Displayed with differently colored arrows, phosphor particles seemed homogeneously dispersed over a 50 Â 50-mm 2 area. A cross-section of the composite films prepared by consecutive spraying was examined by SEM, and the electron micrograph in Fig. 3b verifies three distinct layers. The zeroth layer is the first layer on the substrate, above which phosphor particles are evident; a dashed line guiding the eye indicates that yellow particles are sandwiched between the zeroth PDMS and red phosphor/PDMS layers. Assuming the homogeneous dispersion of particles throughout coating, >10 6 phosphor particles were expected per cm 2 of coating.
By contrast, the YAG:Ce 3þ and red phosphor mixture in Fig. 3c is clearly heterogeneous, implying that mixing two different phosphor particles causes the formation of large clusters of the both yellow and red phosphor particles, as well as develops cracks and particle-lean regions in coating. To gain further insight into the reason for such heterogeneity, YAG:Ce 3þ and red phosphor particles were dispersed into the PDMSehexane solution, albeit separately. The surface charge of the particles was measured by the zeta potential mode of dynamic light scattering (Fig. 3d) ; for instance, YAG:Ce 3þ is an oxide particle in nature, and its charge is negative at nearly À10 mV. The origin of the negative charge could be the partial dissociation of the surface hydroxyl group inevitable with any oxide on a particle surface. At the same time, red phosphor showed positive potential at nearly þ5 mV. When both YAG:Ce 3þ and red phosphor were mixed in the PDMSehexane solution during spraying, a Coulombic attraction occurred between the negatively charged yellow and positively charged red particles such that large pseudo-clusters formed in the dispersion and thus in the resulting coating.
The optical performance of composite coatings
Fig. 4a and b shows the PL spectra of the composite coatings obtained by remote and direct measurement strategies, respectively. Regardless of phosphor type employed, an unidentified weak emission signal was obtained at 610 nm in all spectra; this signal might have originated from an impurity in the phosphor system or from the ore in which mineral phosphor particles were achieved, if not both. An intensely sharp signal at 478 nm was attributed to the primary blue light from the blue LED, whereas the broad signal at 550 nm with relatively lower intensity referred to the emission of YAG:Ce 3þ garnet particles. The 4f / 5d transition of the Ce þ3 ions in the garnet structure absorbed the incoming blue light, while its corresponding emission appeared in the yellow region [38] . Because blue and yellow are complimentary colors, their combination resulted in white light emission. The chief difference between the direct and remote sets of spectra is the ratio of signals in blue and yellow regions. Signals obtained from the direct measurement were greater than with remote measurement. Since the distance of the phosphor layer and the blue LED was closer, yellow phosphor particles were more intensively exposed to blue light. As a result, the emission unsurprisingly appeared greater with direct measurement.
The quality of white light can be determined from the ratio of blue and yellow signals in the spectrum [39] . Since YAG:Ce 3þ is deficient in the red region, Sr 2 Si 5 N 8 :Eu 2þ can be added to improve quantity-related color properties (e.g., CCT and CRI). Upon incorporating red phosphor, the overall emission shifted from 550 to 605 nm; however, the arrangement of the phosphor with respect to the incoming blue light strongly influenced the color properties of the white light; for instance, the coating prepared by spraying YAG:Ce 3þ and red phosphors consecutively as stacked layers presented far greater emission over the yellowered region than spraying the mixture of the phosphors once in a single layer, even though they had the same amount and composition of phosphors. For comparison, spectrum of commercial products are given in Figure S3 . Fig. 4c and d shows the absolute spectral flux obtained from remote and direct measurements, respectively. Clearly, the mixture has intense blue light, which reduces the contribution of phosphors in developing white light. The inadequacy of the mixture in all optical properties emerged simply due to the presence of large empty spaces across the film, as shown in the optical microscope images (Fig. 3c) . Blue LED escapes from empty regions without any interaction with the phosphors. At the same time, since those spaces exist less in coating prepared in stacked layers of multiple phosphors using consecutive spraying, a homogeneous dispersion of phosphor particles in two layers over coating can be achieved. Fig. 5a shows photographic images of white light produced as obtained by down converting blue LED by coatings via stacking layers and the random mixture of phosphor particles; the former displayed much better as a white light source in terms of human perception, thereby confirming the microscopy and spectroscopy results above. It should be noted that in the stacked layer arrangement, the sequence of phosphor layers is critical. In general, spectrum is dominated by the phosphor layer, whichever is placed as a primary layer over the blue LED. The incoming blue light first interacts with the primary layer without any particular loss, but reflection. On the other hand, the second layer only interacts with the remaining of the incident light, which passes without interacting with the phosphors in the primary layer. This mechanism leads to an inefficiency for the second layer in terms of blue light interaction. Therefore, choosing the appropriate phosphor for related layers becomes a useful tool for tuning the overall spectrum. In our particular case, red phosphor was chosen as primary layer to overcome red deficiency of overall spectrum dominated by YAG:Ce due to its very high concentration compared to red phosphor. Herewith, blue LED first contacts with red phosphor, whose emission at approximately 620 nm cannot excite yellow YAG:Ce 3þ .
Otherwise, blue LED's first contact with the YAG:Ce 3þ emission from those yellow phosphors is absorbed by the red phosphor, which renders the use of red phosphor inefficient (Fig. 5b) . Table 1 shows CRI, CCT, and efficacy values. The coating prepared with YAG:Ce 3þ only showed 4500 K, 61 CRI, and 253 lm watt À1 luminous efficacy. YAG:Ce 3þ in PDMS thus seems adequate in fabricating cool, white light, yet with limited efficacy. However, coating prepared with the mixture of YAG:Ce 3þ and red phosphor in spraying was inadequate and even worse than coating prepared with YAG:Ce 3þ along. The clustering of phosphor particles resulted in large empty regions dominated by blue light such that CRI and CCT could not be successfully registered in remote measurements. The coating consisting of phosphor particles in two distinct layers improved both color properties and light output; CCT, CRI, and luminous efficacy were 2900 K, 68, and 264 lm watt À1 , respectively, and color space coordinates x (CIE x ) and y (CIE y ) were between 0.3 and 0.4. These values were also assessed for direct measurement, which generally provided higher values for both CRI and CCT. Note that those values can be adjusted by simply arranging the distance between the phosphor layer and the light source.
In real-time applications, PDMSephosphor coatings are exposed to blue light for a long time. Such exposure can eventually trigger secondary reactions and cause undesirable consequencesdfor instance, the degradation of PDMS that may have adverse effects on the film's optical stability. When blue LED continuously illuminated a piece of representative coating of stacked layers for 4 weeks, periodically registered spectra remained unchanged, thereby indicating that the coating was stable under blue light, at least in the range of conditions employed (i.e., time and atmospheric humidity) in this study ( Figure S4 ).
Simulation
The arrangement of phosphor particles in the PDMS matrix was simulated using the Monte Carlo approach developed with the programming language Python [40] ; program codes appear in the Supporting Information. The spectra were simulated between the 400 and 750 nm wavelengths, considering stacking and random mixture separately. Assuming monolayer coverage of the substrate by phosphor particles, the intensity of the resulting light was determined by the algorithm for each wavelength. When light impinged the phosphor coating, the intensity was attenuated via two mechanismsdnamely, reemission (due to absorption) and scatteringdthe probability of each of which is calculated by a partition function consisting of Gaussian functions representing all possible emissionsdthat is, blue LED as transmission and both yellow and red as re-emissionsdby following the formulas [41] .
in which I 0 , and I rm (yjr) are the peak intensities of blue LED, YAG:Ce 3þ , and red phosphors in the experimentally measured spectra, respectively, l is the wavelength, and l tm , l rm_y and l rm _r are the corresponding wavelengths of the peak intensities of blue LED, YAG:Ce 3þ , and red phosphor. Similarly, FWHM tm , FWHM rm_y , and FWHM rm_r are at full width at half of the maximum of related blue LED, YAG:Ce 3þ , and red phosphor. The total possible event is thus I total ¼ I tm þ I rm y þ I rm r (4) in which I rm_y and I rm_r are the corresponding spectrum intensity of YAG:Ce 3þ and red phosphor, respectively. As a result, the probability of each event in the corresponding wavelength in the spectrum can be defined as: , and red phosphor, respectively. Peak intensities were determined by using Fig. 4a and b, while peak intensity wavelength and FWHM parameters were calculated by using the PL spectrum in Fig. 1f . Parameters are shown in Table 2 .
In stacking phosphor particles, incoming light first interacts with the red phosphor with a probability of 27%. YAG:Ce 3þ is assumed to interact with light based on the 3.7:1 volumetric ratio of YAG:Ce 3þ and red phosphor. Blue light will be either transmitted or absorbed by red phosphor, thereby prompting an emission. The YAG:Ce þ3 layer of the sample interacts with blue light either directly, with a probability of 73%, or indirectly after scattered from the red phosphor. Following the same strategy, incoming blue light is either transmitted or absorbed by YAG:Ce 3þ and causes a yellow emission. In the random mixture of the phosphor particles, the total empty region of the image of the optical microscope in Fig. 3a was first calculated by using ImageJ; the result was 40%. Incoming blue light was then directly transmitted with 40% probability. In the case of interaction, again due to the 3.7:1 volumetric ratio, incoming light hit the red phosphor with 22% and the YAG:Ce 3þ with 78% probability since they are at the same level. In any case, every step of the interaction, the algorithm compares probabilities, then determines the intensity whether it goes with Eq. (2) or Eq. (3) 3000 times at each wavelength, and takes the average of the set of determinations. Regardless, transmission or reemission occurred according to the probabilities defined in Eqs. (5)e (7) for the corresponding wavelengths. Fig. 6 shows the results of simulating both remote and direct spectra; simulation shows the superiority of stacking layers over using the random mixture. In that sense, the results of simulation agree with the experimental results [42] .
Conclusions
In this study, we investigated the fabrication of PDMS-based phosphor coating with yellow YAG:Ce 3þ and red phosphor by spraying. The mixture of PDMS and phosphor particles were sprayed on a PC substrate, and the resulting coating was subjected to crosslinking at 100 C. The phosphor particles with micrometersized diameters hindered, yet did not entirely obstruct the completion of the crosslinking process. Although red phosphor was integrated into the system, electrostatic interaction existed between YAG:Ce 3þ and red phosphors, thereby causing the clustering of phosphor particles. As a result of clustering, cracks appeared in the coating, blue light dominated, and the light become cold white. Spraying yellow and red phosphor particles consecutively in stacked layers improved optical features compared to coating prepared by spraying the mixture as a single layer at once. The highest light output was obtained when the longer wavelength of red phosphor was placed on the YAG:Ce 3þ as the second layer over PC substrate. This method was highly versatile in obtaining coating Remote  884  373  355  478  550  620  30  129  82  Direct  1055  952  935  478  550  620  30  129  82 materials on a large scale in a brief processing time and suitable in potential applications in both direct and remote solid-state lighting.
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